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Abstract. The amount of seniors in need of constant care is rapidly rising: an 
evident consequence of population ageing. There are already some 
monitorization environments which aim to monitor these persons while they 
remain at home. This, however, although better than delocalizing the elder to 
some kind of institution, may not still be the ideal solution, as it forces them to 
stay inside the home more than they wished, as going out means lack of 
accompaniment and a consequent sensation of fear.  In this paper we propose 
EMon: a monitorization device small enough to be worn by its users, although 
powerful enough to provide the higher level monitorization systems with vital 
information about the user and the environment around him. We hope to allow 
the representation of an intelligent environment to move with its users, instead 
of being static, mandatorily associated to a single physical location. The first 
prototype of EMon, as presented in this paper, provides environmental data as 
well as GPS coordinates and pictures that are useful to describe the context of 
its user. 
Keywords: Ambient Intelligence, Monitorization, Mobility, Portable 
Monitorization, Wearable Computers, Pervasive Computing 
1   Introduction 
Population ageing is a problem that nowadays affects almost every country in the 
world. According to its definition [1], population ageing is a shift in the distribution 
of a country's population towards greater ages. However, population ageing means 
much more as there are both social and economical costs associated to this problem 
that cannot be ignored [2]. According to a report prepared by the United Nations [3], 
the number of older persons has tripled over the last 50 years and will more than triple 
again over the next 50 years.  
These seniors frequently have special needs and require a close and personalized 
monitoring, mainly due to health related issues [4]. The most common answers are the 
elder moving to a relative’s house or to a senior institution. The first option generally 
carries major changes to the routine of the host family and not all families are willing 
to or able to carry that burden. The second one carries increasing economical costs 
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which not every family member is able to support, neither is it a good option for the 
elder, since they usually show reluctance when being moved out from their normal 
habitat where they have their life [5], their friends and their routine. It is desired that 
older people can age and maintain their well being while dealing with all the diseases 
and limitations that arise, for as long as possible. 
New approaches have therefore to be devised for dealing with this problem. The 
answer, in our opinion, relies on the coming together of a group of fields such as 
Artificial Intelligence techniques, Human-computer interaction, ubiquitous 
computing, sensors and network technologies. By merging insights from these fields 
of research, it is possible to build the so-called Intelligent Environments. These 
environments are able to sense their users and their surroundings, analyze the 
information gathered and take actions with the objective of increasing the security and 
well-being of the persons in the environment. In this context of aged population, the 
advantages of these environments can be even more deeply exploited, acting as a way 
of increasing the autonomy and independence of seniors, especially the ones living 
alone [6].  
1.1 The VirtualECare project 
The VirtualECare project [7, 8] aims at a Multi-agent based architecture in support of 
computational systems that seek to monitor and provide personalized health care 
services to its users or patients. These systems will interconnect healthcare 
institutions, leisure centres, patients and their relatives, on a common network, i.e., 
the VirtualECare architecture stands for a distributed one with its different nodes 
corresponding to a different role, either in terms of a call centre, a group decision 
support system or a monitoring device, just to name a few.   
The nodes of the architecture depicted in the previous picture have been object of 
the work of this research team. However, in the ambit of this paper, we want to focus 
on the Supported User (Figure 1). This node of the architecture represents the person 
in need of care and is, therefore, constantly monitored inside his environment. We 
want, however, to extend this Monitorization to outdoor settings, following the person 
on-the-move, enriching the VirtualECare with this important feature. The work done 
in implementing this feature is described in this paper.  
1.2 Ambient Assisted Living in Healthcare 
Ambient Assisted Living (AAL) is a sub field of application of Ambient Intelligence. 
It builds on recent developments of IT and aims to promote the advantages that these 
technologies can have when put to work together to proactively assist their users in 
the day-to-day activities. Such a technology is able to lighten common and routine 
tasks, or even to replace their users in their execution. If to a regular user this means 
more comfort or free time to be spent in other activities, to senior or impaired users an 
assisted environment may mean autonomy, independence and security.  
Indeed, these environments have known a significant growth in their use in the 
domain of the healthcare provision. At the MIT research has recently begun on the 
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possibilities of AAL environments in the monitorization of patients in rural areas, that 
cover most of the territory of the countries but whose inhabitants generally lack 
access to health care [9]. We can also mention the Living Lab for Ambient Assisted 
Living in the Municipality of Schwechat that is a space where people from the 
community join together and share ideas and visions to implement technologies that 
support the independent living of seniors [10]. Another example is ALZ-MAS 2.0 
which is an Ambient Intelligence based multi-agent system aimed at enhancing the 
assistance and health care for Alzheimer patients living in geriatric residences [11].  
 
 
Fig.  1. The VirtualECare architecture, highlighting the components addressed in this paper. 
AAL-based projects can result in the direct benefit of both caregivers and patients. 
For caregivers, it may represent a more efficient time schedule, the automation of 
determinate tasks, or a more close and constant contact with their patients. For the 
patients, an AAL environment may be synonym for a supportive system that 
constantly monitors them and proactively takes actions that ensure their safety. More 
than that, these environments can take care of the supervision of the house, ordering 
goods, controlling the temperature and humidity of the air or the access of other 
persons. These environments constitute therefore an important improvement to the 
healthcare delivery sector, being only bound by the restriction of being physically 
associated to a place. In this paper we intend to take the first steps to create mobile 
assistive environments that follow their users while they move. 
2   Embodied Monitorization 
In the ambit of the VirtualECare project, this team has developed a monitorization 
platform intended to monitor seniors in their environment [12]. This platform is 
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placed in the Home component of the architecture visible in Fig.  1. It is responsible 
for collecting all the information about the environment considered important for the 
well being of the user, study the behaviour of the user in terms of the management of 
the house and infer rules for that management that are then applied by the system in 
an attempt to adapt the house settings according to the user’s preferences [13]. In a 
few words, this monitorization platform helps to describe the context of the user. The 
information collected may comprise the temperature, luminosity or humidity of the 
several rooms of the user’s house, the position of the user inside the house, the 
persons visiting or the state of the several appliances. Some reactive and simple 
decisions can be taken by the house when some predetermined events occur (e.g. turn 
on air conditioning when the temperature is high). Moreover, the information about 
the environment may also be shared with the higher level components of the 
architecture, namely the Group Decision, so that more complex or important decisions 
can be taken. More than that, the specialized staff has constant and updated 
information about the user context. When the environment around the user, by some 
reason, is not safe or recommendable, the system may react quickly by acting on the 
house actuators, by notifying the user or by any other measure.  
This has however a great limitation: the user can only be monitored while he is 
inside the environment. The system stops receiving vital information about the user 
the moment he steps out of the house. This may, obviously, represent a risk, mainly 
when we talk of users who suffer from diseases that imply a constant accompaniment. 
The will to monitor the user independently of his location drove us to idealize EMon. 
EMon has as objective to make monitorization so portable that it may, eventually, 
be worn by the user the same way he wears a watch or a necklace. With such a 
device, the user can be accompanied while he is on the move, increasing his self-
assurance, autonomy and security. Although there are already some devices in the 
market with the objective of monitoring their users while they move, none of them 
provides a complete and integrated solution. Some are simple GPS-based locators 
while others monitor one or some vital signs.  
What we propose is an integrated device that can provide a full range of important 
information to describe the context of the user and make it so small that it can 
comfortably be carried by its users. What we expect to achieve is that intelligent 
environments are no longer static environments, mandatorily associated to a single 
physical location, but can instead move while their users move, following them 
wherever they go. 
We do not believe that a device for such a purpose is possible to develop at the 
present since, although the devices necessary become smaller every day, they still too 
big to be integrated in a single device that can be comfortably worn. We however 
believe that the concept can be proved to be valid by means of a working prototype, 
and its usefulness demonstrated through positive changes in the routines of seniors 
that wore them.  
2.1 Devices and Features 
In order to implement the prototype of EMon we initially had to consider which 
functionalities to implement. One of the more important features nowadays and the 
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first one to be considered by us given the domain of the problem is the location. If the 
system has information in real time about the location of the senior, help can 
immediately be sent in case of an emergency. Moreover, location-based services can 
be provided to the senior such as suggesting nearby interesting places according to the 
preferences or providing directions to the closest health facility if not feeling well. 
Another important feature would be to inform the senior about nearby friends, 
relatives or persons in the same situation, with the same interests with whom he 
eventually would like to interact. Adding to this the common functionalities of 
location based systems like guiding a person to a specific place or saving favourite 
places in a list, we obtain a very complete solution that can be advantageous for any 
senior and especially for seniors suffering from conditions like Alzheimer's disease.  
In order to implement these features, we are using a PDA’s Global Positioning 
System (GPS) integrated module together with software developed to implement 
some of the said features. The software is responsible for constantly reading the 
NMEA strings from the GPS receiver and provide them to the system. Among the 
functionalities implemented by this software, we can mention the record of the path 
travelled by the senior, the current position or the smallest path to walk to a 
predetermined location (Fig. 2. The output file from the GetPathTo service visualized 
on Google Maps. In this case the client is in University of Minho and wants to go to 
the nearest hospital in the database which is located at lat: 41.547407, lon: -




Fig. 2. The output file from the GetPathTo service visualized on Google Maps. In this case the 
client is in University of Minho and wants to go to the nearest hospital in the database which is 
located at lat: 41.547407, lon: -8.423090. 
An important factor that conditions the health of the elder is the quality of the 
environment around him. This quality may be given in terms of factors like airborne 
pollutants, the humidity or the temperature. Our conviction that the monitorization of 
the environment around the elder is mandatory for ensuring his safety and well being 
is also shared by [14].  
The importance of the air quality is even higher when we talk of seniors with 
diseases like asthma, bronchitis or cancer [15]. Having this in mind, we decided to 
incorporate into the prototype sensors which could provide the system with some 
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information about the environment. Our purpose is that the system is able to warn the 
user if he is in a place where the environment is not safe or recommendable, 
according to his conditions. We have therefore decided to enrich the first prototype 
with temperature and luminosity sensors, embedded in the sleeve of the elder’s jacket 
(Fig. 3). If, in one hand, the sensors chosen for the prototype are not of major 
importance as our objective in this first stage of the work is to present a proof of 
concept and test the architecture defined, in the other hand temperature and 
luminosity are two of the parameters that more influence our well being.  
  
 
Fig. 3. The sensors embedded in the sleeve of the elder’s jacket. 
The last device added to the prototype of EMon was a webcam. The webcam has 
several purposes. In one hand, we verified that the GPS system is not always accurate 
in an urban environment, especially when used around obstacles that can prevent the 
signal to be received in the best conditions (e.g. high trees, buildings). The image 
provided by the webcam can therefore help to determine the exact location of the 
elder in case of need, acting as a complement to the GPS module. An example of 
application could consist in a medical team that is being sent to the location of the 
elder in need but whose GPS coordinates are not precise. Using the image, the 
medical team could locate the elder more precisely by looking at nearby buildings, 
landmarks or monuments. This image can be requested by the elder if he feels 
threatened or endangered or can be remotely taken by the system, if some pre-
determined event occur (e.g. a sudden rise in the heartbeat). The elder can also request 
a picture of something he likes and save it, like a common photo.  
2.2 A Service Based Architecture 
The architecture for implementing such a prototype has some specific issues. First of 
all, it must be a portable architecture as it will be traveling with the user. It must 
provide a constant connection to some network (e.g. Wi-Fi, GPRS, GSM, UMTS, 
HSDPA) so that the data gathered by the devices is constantly being routed to the 
higher level VirtualECare components. The architecture must also accept very 
different devices or components and provide means for their intercommunication. It 
should be dynamic and expansible, ready to accept new functionalities as we expect 
to continue adding new devices. Last but not the least, the architecture must be 
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lightweight so that it may be implemented in portable, low battery-consuming 
devices.  
 
Fig. 4. The architecture of EMon. 
We decided to base our architecture on two open service-oriented standards: OSGi 
[16] and Web Services. OSGi is a standard designed to promote the interoperability of 
applications and services over networks. It allows for java programs to be 
encapsulated into OSGi bundles, which are modules able of providing and using 
services of other bundles. The result is a modular way of building applications based 
on the junction of bundles, being the expansion of the application as easy as adding 
new bundles. For accessing and providing remote services, an extension to OSGi is 
used: R-OSGi. Web Services can be seen simplistically as a way of sharing 
information over a network. Each component that provides information declares Web 
Services that are then requested by the other components which need to access that 
information. 
These two technologies are the base of our architecture. With this base, we gain 
interoperability and platform independence. This means that services can be used by 
any member of the VirtualECare architecture, independently of the platform or the 
device providing them. This also means that EMon can be used by any other higher 
level architecture similar to VirtualECare and use services provided by that 
architecture, therefore sharing advantages. It also results in a very expansible 
architecture as it is easy to add new components, which does not affect the 
components already present.  
Let us now describe in more detail each component of the current EMon prototype 
and its place in the architecture (Fig. 4). The Netbook is the central core of our 
architecture. It provides support to all the other modules and is responsible for 
running the OSGi platform and the web services as well as for connecting all the 
devices. The OSGi platform being used is the Knopflerfish OSGi, an open source 
OSGi service platform. Two of the bundles running in this platform are the GPS and 
the 1Wire bundles. The first one is responsible for constantly reading NMEA strings 
from the PDA and parse them. The second one regularly reads the values of the 
sensors. These two bundles provide as services the values read so that other bundles 
can have easy access to that information. In the case of the sensor values, they are 
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can be used for three main purposes: the getPathTo service uses it to obtain the 
current position of the user and, through the Google Maps API, calculates a walking 
path to the destination provided by the user; the getLastValidLocation service simply 
provides the value of the last valid location of the user in the form of a Location 
object, a java object that encodes the latitude and longitude of the user; the 
getRecordedPath service returns the path of the user since the last time it was 
restarted. The getRecordedPath service generates a KML file that can be visualized 
on Google Earth while the getLastValidLocation and the getPathTo generate HTML 
files that can be viewed in any web browser. 
The communication layer is responsible for ensuring that the system is always 
connected to some network. For that purpose, it may use the Netbook wireless 
capabilities or the connection with the PDA which has access to mobile networks, 
which nowadays cover almost all the inhabited areas and have considerable speeds for 
data transfer.  
 
 
Fig. 5. The prototype of EMon with its components connected: a netbook, a PDA, a webcam 
and two sensors. 
As for the services layer, its task is to provide support for the Web Services. In this 
first prototype of the system, only the data from the wireless webcam is provided via 
Web Service. To provide the services of the webcam the GlassFish application server 
is being used. The application developed consists of an online interface, accessible 
thru a web browser that, by means of the java media framework, enables to remotely 
control the camera (i.e. take pictures). When a picture is taken, it is visible on the web 
browser and automatically transferred, via Web Service, to a folder on the server. If 
the user intends to take a picture, he must also use the same interface and the picture 
is also transferred to the server so that he may later have access to it.  
The prototype, as depicted here, is made of only a few devices so the 
functionalities are still limited (Figure 5). The architecture however, by being based 
on open and service-oriented technologies, allows for virtually any devices to be 
connected, ensuring that the prototype is highly expansible and multifaceted.  
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3   The Future of EMon and Similar Projects 
EMon has much to evolve in order to become what the authors envisioned: a device 
small enough to be comfortably carried by its user, nevertheless completely 
monitoring him and his surroundings. In order to achieve this vision, several issues 
have to be solved. In one hand, the devices in question must become smaller and more 
portable: it is, although their small size and weight, impracticable to go around 
carrying a netbook embedded in our clothes.  
EMon will also be empowered with more sensors to enrich its features. One of the 
more important will be the ability to monitor the elder’s vital signs in real time as they 
configure the most important health information one can have about an individual. 
Another important enhancement will be to add sensors for sensing the quality of the 
air and initiate actions for adapting this quality. This will allow to monitor people who 
are intolerant to some specific gases or particles with the objective to avoid 
respiratory conditions.  
Concerning the web cam, we are currently only sending via Web Service still 
images. It is our desire to provide EMon with the ability to send live video when 
needed or to record video as well as audio. The webcam will also need to be replaced 
by a smaller camera. Another improvement would be to develop the system or at least 
the backbone of it in washable electronics so that the jacket could easily be washed by 
its user. At last, we will develop an intuitive integrated interface showing in real time 
all the information generated by the system, that can be accessed locally by the user in 
its handheld device or remotely by authorized personal of the VirtualECare platform. 
 The fields of application of projects similar to EMon are however much more 
extensive that just the healthcare sector. There are similar applications of the same 
technologies in the most different fields with the common objective of monitoring 
persons or their surroundings while on-the-move. As an example we can mention a 
chest belt being used by the USA military that is able to provide automatic ECG 
measurements [17] and that is now being applied to sports clothing, with the support 
of Adidas. Another good example is Ericsson Mobile Health, which intends to 
provide healthcare professionals with vital and objective information about the 
patients, allowing the assessment of their health status while on the move and 
avoiding unnecessary routine checkups, letting patients live more normal lives.  
4   Conclusion 
In this paper we have presented the EMon prototype. We integrated some different 
components in a common architecture with the aim of providing monitorization to 
seniors while on the move. If in one hand the device is still too big to be comfortably 
carried around and has little functionalities, in other hand we have proved that the 
concept is valid and feasible. In our tests we concluded that the GPS system is not 
very effective when used in some urban scenarios although it is very accurate when 
used in open air spaces, without nearby obstacles. To try to minimize this problem, 
we integrated a web cam with the objective of providing additional information about 
the location of the person. The implementation of the architecture presented revealed 
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itself easy, mainly due to the experience this team gained in developing previous 
monitorization projects. It is our conviction that this new project constitutes a major 
improvement to the VirtualECare platform, and that the concept presented in this 
paper is the path to ensure the security and accompaniment of seniors while outside 
their environments.  
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